Purpose This paper reports on the development and validity of a new instrument, called the discharge of hip fracture patients score (DHP), that predicts at admission the discharge location in patients living in their own home prior to hip fracture surgery. Methods A total of 310 patients aged 50 years and above were included. Risk factors for discharge to an alternative location (DAL) were analysed with a multivariable regression analysis taking the admission variables into account with different weights based on the estimates. The score ranged from 0-100 points. The cut-off point for DAL was calculated using a ROC analysis. Reliability of the DHP was evaluated. Results Risk factors for DAL were higher age, female gender, dementia, absence of a partner and a limited level of mobility. The cut-off point was set at 30 points, with a sensitivity of 83.8%, a specificity of 64.7% and positive predictive value of 79.2%.
Introduction
The number of hip fracture patients is growing. It has been estimated that the total number of hip fracture patients aged 50 years and older will be around 6.3 million by 2050 worldwide [1, 2] .
Traditionally, the focus of research on hip fracture patients has focussed on technical aspects, morbidity and mortality. However, in the last two decades social morbidity due to a more limited level of activities of daily living, loss of independence and a sudden change in place of residence has increasingly become the subject of research. Furthermore, costs of caring for this fragile population are rising [3, 4] .
Discharge to an alternative location (DAL) or the necessity to arrange additional postoperative care at home for those that can go home directly after discharge can contribute to a longer stay in hospital and thus create additional costs [3, 4] . Early planning of the date of discharge and the type of discharge location can reduce these costs [4] [5] [6] . An instrument that predicts the discharge location at the time of admission would therefore be of great importance, not only for the liaison service but also for patients and their family. Although there are some publications about risk factors for DAL [7] [8] [9] [10] [11] , few discharge prediction scores for hip fracture patients have been published [12] [13] [14] . These scores are of limited value in current daily practice as they are either relatively old, time consuming to fill out or not applicable at admission.
In this paper we offer a new instrument, the discharge of hip fracture patients score (DHP), that predicts on admission, the discharge location in patients living in their own home prior to admission for a hip fracture.
Methods

Patients
This is an analysis of a series of 498 consecutive hip fracture patients aged 50 years and older admitted to a 450-bed teaching hospital (Delft, The Netherlands) between January 2008 and December 2009. Patients with a fracture due to a high-energy trauma or with a pathological fracture were not included in this cohort. Only patients living in their own home prior to admission (n0336) were included. Patients who were treated conservatively (n08), those with incomplete data (n011) and those who died during hospital stay (n07) were excluded from this group. Thus, 310 patients with complete data were analysed.
Data collection
Uniform collection and recording of data of all patients was achieved by routine evaluation at admission, according to the standardised care pathway for hip fracture patients.
Demographic data collected were age, gender, presence of a partner and discharge location.
Characteristics obtained during hospital stay were American Society of Anesthesiologists (ASA) Physical Status classification, presence of dementia based upon history taking from patients, families and carers, presence of anaemia on admission based on the criteria of the World Health Organisation (haemoglobin level below 7.5 mmol/L [12 g/dL] in women and below 8.1 mmol/L [13 g/dL] in men), level of mobility and activities of daily living, type of fracture (intra-or extracapsular hip fracture), type of fracture treatment (osteosynthesis or arthroplasty), type of anaesthesia (general or spinal), diagnosis of dementia based on criteria of the DSM IV and length of stay (LOS) [15, 16] .
Pre-fracture level of mobility and activities of daily living The level of mobility was divided into four main categories: mobile without the use of an aid in-and outdoors, mobile inand outdoors with the use of an aid in-and/or outdoors, only mobile indoors (regardless of the use of an aid) and the last group was immobile both in-and outdoors. A cane, crutch (es) or walker were all considered an aid, patients in a wheelchair were considered to be immobile.
The Groningen activity restriction score (GARS) is a functional activities of daily living (ADL) score [16] . A summed score for basic ADL was calculated ranging from 18 (indicating ability to perform all activities without assistance or undue effort) to 72 (indicating disability). A higher GARS score therefore represents a lower level of ADL.
Statistical analysis
Demographic continuous data are presented as means, with standard deviations (SD). Categorical data are presented as the number of subjects in the category, along with the percentages. A multivariable logistic regression analysis was used for analysis of patients that were discharged from hospital to an alternative location. As we wanted an instrument that predicted discharge to an alternative location (DAL) at admission, we used risk factors in the multivariable analysis that were known at admission: age, gender, presence of a partner, perioperative risk (ASA classification I/II or III/IV), presence of dementia, anaemia at admission, pre-fracture level of mobility (using the three categories of mobility and the GARS) and type of fracture (intra-or extracapsular hip fracture).
Patients classified ASA I or II and III or IV were combined into two groups, as the separate numbers of patients classified ASA I (n041) and ASA IV (n09) were too small to be analysed separately. Age was categorised into three groups: 50-64.9 years old, 65-79.9 years old and 80 years old and above.
For the multivariable logistic regression analysis, immobile patients (n03) were excluded due to small numbers.
The likelihood ratio backward test was used to find the best-fit model by selecting the variables one by one. The probability for entry was set at 0.05, and the probability for removal at 0.10. P-values lower than 0.05 were considered statistically significant.
Discharge of hip fracture patients score (DHP) All significant risk factors from the multivariable logistic regression analysis were used in the model as score items. Each item was assigned a weighing factor based on the betacoefficient, in such a way that the score added up to a maximum of 100 points. As the subcategory "immobile" was excluded from this analysis, this item was assigned the same weighing factor as the "only mobile indoors" category.
Clinical reliability and validity
A receiver operating characteristics curve (ROC) was created by plotting the sensitivity (true positive rate) versus the 1-specificity (false positive rate). The actual area under the curve measures the ability of the instrument to classify correctly the patients with and without a high risk for not being discharged to their own home, therewith identifying the best cut-off point.
The percentages of scores below 10 and above 90 points were calculated to assess floor and ceiling effects.
Spearman's correlation coefficient was calculated between items of the DHP and DAL to determine the convergent validity. All data were analyzed in IBM SPSS Statistics 19.0 (SPSS Inc., Chicago, USA). Table 1 shows clinical characteristics of the cohort, stratified by discharge location. The mean (SD) age of all patients was 78.5 (10.5) years, and 67.1% were female. One hundred and nineteen (38.3%) patients were directly discharged from hospital to their own home. These patients were younger, less often female and in better general medical and social condition compared to those who were discharged to an alternative location. Furthermore, they had a shorter LOS.
Results
Patients
Discharge of hip fracture patients score (DHP)
Based on outcome of the multivariable logistic regression analysis (Table 2) , the model for the DHP (Table 3) was developed. Age (categorised in three groups), female gender, dementia, absence of a partner and a more limited level of mobility were used as score items. The weighing factor was calculated using the beta coefficient, demonstrated in Table 2 .
Clinical reliability and validity
The ROC curve of the DHP is demonstrated in Fig. 1 , where the area under the curve was 0.84 (95% CI 0.79-0.88). The best cut-off point for balancing sensitivity and specificity was 30 points. Sensitivity and specificity of the DHP at this cut-off point were 83.8% and 64.7%; the positive predictive value was 79.2%. The predictive power for two cut-off points (≥30 and ≥40 points) is shown in Table 4 . The likelihood ratio of a DHP ≥30 was 2.37, which means that the probability of a score of ≥30 points being associated with DAL is 2.4 times higher compared to the probability that the patient is discharged to his or her own home. Table 5 shows correlations, expressed with Spearman correlation coefficient, between DAL and the items of the DHP and the correlation between the items themselves. All items had a significant correlation with DAL, indicating good convergent validity.
The DHP scores ranged from zero to 90 points. The score was 10 or less points in 39 (16.1%) patients, thereby the floor effect was small. A DHP score of 90 points or more was present in only three (1.0%) patients, thus no ceiling effect was present.
Discussion
A new prediction score for the discharge location of hip fracture patients living in their own home prior to admission was developed called the discharge of hip fracture patients score (DHP). This score was established using significant risk factors from multivariable regression analysis for failure to return to their own home: higher age, female gender, dementia, absence of a partner and a lower level of mobility. The score was easy to use due to readily obtainable data at admission and it had a good sensitivity and acceptable specificity.
The DHP can be used to facilitate the work of the liaison officers to make early arrangements for discharge, i.e. finding an appropriate alternative location or provide extra facilities (e.g. a walker or Zimmer frame, toilet seat risers, domestic help) needed in the first period after discharge. This can reduce LOS substantially [4] [5] [6] .
Patients
Mean age, the male to female ratio and fracture distribution of our series were comparable to a large cohort study of 3,683 hip fracture patients [17] . Another large series (3,240 patients) of Deakin et al. found a comparable mean age and percentage of patients living in their own home prior to admission [8] . The cohort we analysed was therefore representative for a general hip fracture population in Europe.
Risk factors
We identified higher age, female gender, dementia, absence of a partner and a lower level of mobility as risk factors for [8] . In that study, pre-injury level of dependence, higher age, male gender and injury sustained in hospital were identified as main risk factors for DAL. Other smaller studies identified age, number or type of comorbidities or a poor general health status, dementia, absence of a partner, a trochanteric fracture, a more limited level of mobility and ADL or the expectations of the nursing staff as predictors for DAL [7, [9] [10] [11] [12] [13] [14] . In our study, poor general health (i.e. a higher ASA score) was identified as a predictor in the bivariate analysis, but lost its significance in the multivariate analysis.
Other models Currently, few prediction scores for discharge location after admission following a hip fracture are available [12] [13] [14] . However, these scores have their drawbacks. One model is more than 30 years old, thus data cannot be extrapolated to current day and practice [13] . Furthermore, all these models are based on small patient series (63-108 patients) [12] [13] [14] . Finally, one score used items that were not yet known at admission, i.e. the level of ADL and mobility two weeks postoperatively [14] . Nevertheless, these three models did use similar risk factors as we used in our score [12] [13] [14] . Only female gender was identified as an additional item compared to previous models, but with a modest impact indicated by the lowest weighing factor. When extrapolating the results of our study to different countries, one must be aware of various possible influencing factors. First, there are large differences between countries in type of housing and traditions for homes for elderly people [18] . Second, as for the location and timing of discharge from the hospital, large local, national and international differences exist between discharge directly to home or to temporary revalidation units. This is reflected in the very wide range (3-81%) of reported rates of discharge to home directly from hospital [7, [12] [13] [14] [19] [20] [21] [22] [23] .
Clinical reliability and validity
The sensitivity of the DHP was good, the specificity moderate, which is good as is it of more importance to have a high number of true-positives (i.e. those patients that were labelled DAL, really had a DAL) in a prediction model. Because of the small floor effect, it is not possible to further differentiate within patients with low scores. However, this is not a real issue as the model is developed for only two options: discharge to their own home or to an alternative location.
Limitations
Although this study describes a simple, valuable prediction model for discharge location in a well-sized cohort of hip fracture patients, some limitations remain. The first limitation was absence of more detailed data of cognitive function. Another limitation is the fact that the mobility category "immobile" and the category "only mobile indoors" were combined to one group due to the small number of patients who were immobile (n03). Finally, this is a model for the Dutch social situation and might not be applicable to other countries. However, the score items we have used were very comparable Correlation with discharge to alternative location 0.50 n/a 0.50 n/a Table 5 Spearman's correlation coefficient between discharge to an alternative location and the items of the discharge in hip fracture patients score and between the items themselves Correlation is significant at the 0.01 level (2-tailed) to those in previous models from other countries (United Kingdom, Sweden, United States) [12] [13] [14] .
Conclusions
In this paper we presented a useful new score that predicts discharge location at admission in hip fracture patients living in their own home prior to admission. In the near future, we will validate this model and test its inter-observer reliability in another Dutch and a Swedish hospital to prove the reliability of the model in different hospitals and countries, therewith allowing better (international) comparison.
